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TITLE OF THE INVENTION 

COIL FOR AN ELECTRICAL MACHINE, 
AND METHOD FOR PRODUCING A COIL 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0001] This application claims the priority of Application No. 101 06 719.4, 
filed February 14, 2001, in Germany, the disclosure of which is expressly 
incorporated by reference herein. 

[0002] The invention relates to a coil for an electrical machine, in particular 

an electric motor for a vehicle. Furthermore, the invention relates to the use of 
the coil for a stator of an electrical machine, a production method for a coil, and 
an apparatus for producing the coil. 

[0003] Normally, coils for electrical machines or drives are woimd from 
thick wire. The development in the field of electrical machines is currently aimed 
at achieving ever greater utilization of the coil, in particular at achieving an ever 
greater power and an greater torque for a given machine size. One condition for a 
high power density is a very compact coil. 

[0004] Conventionally wound coils require a sufficiently large physical 

space, because of wire crossings resulting from an arbitrary arrangement of 
turns and layers. Such arbitrary wire crossings lead to spaces between the turns 
and layers, which limits the power density or the wire or conductor cross section. 
[0005] It is an object of the invention to provide a coil which is particularly 
compact. Furthermore, a particularly simple method and a particularly simple 
apparatus are specified for producing such a coil. 
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[0006] According to the invention, a coil is provided for an electrical 
machine, in which an electrical conductor or a wire is wound with a number of 
turns, which are arranged one above the other in a number of layers, with the 
turns in a first layer being arranged parallel to one another, and the turns in a 
second layer being inclined, at a point which is predetermined, at an inclination 
angle, which is also predetermined, with respect to the turns in the first layer, 
and being arranged parallel alongside one another. This allows the turns to cross 
in a defined manner at a specific point, so that all the turns are arranged so that 
they lie particularly close alongside one another, and spaces are reliably avoided. 
Such a particularly compact coil allows a coil with a larger conductor or wire 
cross section to be formed in the same physical space, so that the I^R losses in 
the coil are particularly small. Furthermore, the motor or the machine may be 
designed to be smaller. Particularly in the case of a vehicle, this results in a 
reduction in weight and physical space. 

[0007] The bending angle or kink angle is advantageously chosen so that the 

or each turn in the second layer is inchned by at least one pitch width. This 
allows, for example, the turns in the second layer to be arranged in the cavities 
or intermediate spaces in the first layer. The turns are thus arranged in a 
particularly space-saving manner. Depending on the type and configuration of 
the coil, individual turns may be inclined by more than one pitch width. The last 
or first turn in one of the layers is preferably inclined by the entire pitch width, 
which is formed by the total number of pitches in an adjacent layer. This means 
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Docket No.: 225/50897 
that the inclined turn is in this case inclined from the first turn to the last turn 
of the adjacent layer, in particular the lower layer, and is thus inclined obliquely 
over all the turns or pitches in the lower layer. 

[0008] The coil start and coil end are expediently passed out jointly at one 
end winding, with the turns in the second layer at the opposite end winding 
being inclined at the bending angle. This allows the coil to be arranged in a 
space-saving manner, in particular in a stator of an electric motor. In this case, 
the end winding with the coil start and end is arranged as close as possible to the 
interconnection ring, with the end winding (which has the turn crossings) being 
arranged opposite, and hence exposed. Depending on the pin-pose for which the 
coil will be used, the bend, which can be predetermined, of the turns in one layer 
may be designed to alternate, for example with the first layer at the upper end 
winding, the second layer at the lower end winding, or on a longitudinal side of 
the coil. The end windings of the coil are advantageously domed outwards. This 
makes it possible to install the rotor particularly easily, for example in a stator of 
an electric motor. 

[0009] In one preferred embodiment, the turns in a single layer are 

arranged parallel alongside one another, and partially superimposed. Such an 
arrangement of the turns with overlapping layers allows the coil to have a 
trapezoidal cross section, which allows a particularly space-saving arrangement 
of a number of coils in a particularly complex form, for example in a stator. 
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[0010] The second- mentioned object is achieved, in the case of a method for 
producing the coil, according to the invention in that the electrical conductor for 
the or each turn is bent through a bending angle, which can be predetermined, at 
a point which can be predetermined before the turn is wound onto a coil former. 
Such bending of the winding wire or conductor at a point before being wound 
onto the coil former means that very much less force need be applied. 
Furthermore, this reliably avoids any bulging caused by crossings of the turns, 
that is to say no spaces are formed when the coil is wound, so that said coil is as 
compact as possible. In one particularly advantageous embodiment, the turns in 
a first layer are wound parallel alongside one another, with the turns in the 
second layer being inclined through the bending angle with respect to the first 
layer and being arranged parallel alongside one another. This allows, in 
particular, the turns in the second layer to be arranged to avoid any possible 
spaces in the turns of the first layer, in that the turns in the second layer are 
bent such that the respective turn is arranged between two turns in the first 
layer, and thus in the spaces or depressions between them. Depending on the 
embodiment of the coil, the bending angle is chosen such that the or each turn in 
the second layer is preferably inclined by at least one pitch width. This results in 
an arrangement in which the intermediate spaces are filled as much as possible, 
and the turns in an individual plane are arranged in as plane-parallel a manner 
as possible. Undesirable crossings are reliably avoided. An individual turn in one 
of the layers is inclined by the total pitch width, which is formed by the total 
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number of pitches in an adjacent layer. In particular, the first turn in a layer is 
inclined at an appropriate bending angle over the entire width (= overall pitch 
width) of the lower layer. In this case, this layer has one turn or partial turn 
which runs obliquely over the entire pitch width. 

[0011] Depending on the application of the coil, for example in a stator of an 

electric motor, the coil start and coil end are preferably passed out jointly at one 
end winding, with the turns in the second layer at the opposite end winding 
being inclined at the bending angle before being wound onto the coil former. This 
ensures that crossings occur only on one longitudinal side or at one end winding. 
Thus, depending on the nature and shape of the coil, it is possible to choose that 
side which is advantageous for a compact configuration and arrangement for the 
subsequent application. In a further alternative embodiment, the turns in a 
single layer are preferably woimd parallel alongside one another, partially 
superimposed. Such a trapezoidal winding makes it possible for a number of coils 
to be arranged in a particularly space-saving arrangement alongside one 
another. 

[0012] A further object is achieved according to the invention by an 
apparatus for producing the coil for an electrical machine, in which a guide body 
is provided for winding an electrical conductor onto a coil former, with each turn 
of the electrical conductor being bent by means of the guide body through a 
bending angle, which can be predetermined, at a point which can be 
predetermined before that turn is wound onto the coil former. In this case, the 
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guide body is preferably arranged such that it can move. Alternatively, the guide 
body may comprise a motor for moving two bending pins. Such an apparatus or 
winding machine, whose design is particularly simple, allows a coil to be woxmd 
in a particularly space-saving manner, so that it is particularly compact. To this 
end, during the winding process, in particular when the process of winding the 
coil is stopped in a defined manner at a predetermined point, the guide body is 
shifted by a predetermined amoimt for each turn, for example in a region 
between grippers, in such a manner that this ensures that the winding wire or 
the conductor is inclined in a manner corresponding to the bending angle, before 
being wound onto the coil former. Alternatively, instead of shifting the guide 
body, it is also possible to provide a motor which moves two bending pins forward 
per turn at a predetermined point during the winding process, and these bending 
pins move in such a manner that the resulting guided winding wire is inclined 
through the bending angle before being wound onto the coil former. 

[0013] The advantages which are achieved by the invention are, in 

particular, that defined kinking or bending of the winding wire or of the 
conductor for each turn (before being wound onto the coil former) at a 
predetermined point on the coil, in particular at that point or in that region of 
the conductor which forms one of the end windings, avoids turns crossing 
randomly, and thus reliably avoids spaces. This results in a coil which is as 
compact as possible. In a compact coil such as this, a coil with a larger wire cross 
section can be formed in the same physical space, thus reducing losses. On the 
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other hand, a compact coil such as this hkewise makes it possible to design a 
motor, which is intended to hold the coil, to be smaller or mo.te'j(compact, thus 
once again allowing the weiglj-t-^d physical space to be reduced. 

[0014] Other objects, advantages and novel features of the present invention 
will become apparent from the following detailed description of the invention 
when considered in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRi^WINGS 

[0015] Exemplary embodiments of the invention will be explained in hiore 
detail with reference to a drawing, in which: 

[0016] Figure 1 is a schematic illustration of at. coil.having-a'5i'uml^^ " 
turns, which are arranged in a number of laj^k^fth^above the other, and have 
an inclination angle, in a plan view of an end winding; 

[0017] Figure 2 is a schematic illustration of a further coil with a turn with 
an inclination running over a number of pitches, in a plan view of an end 
winding; , <. - 

[0018] Figure 3 is a schematic illustration of a front view of a coil as shown 
in Figure 1; 

[0019] Figure 4 is a schematic illustration of a longitudinal section through 
the coil shown in Figure 3; 

[0020] Figure 5 is a schematic illustration of a side view of a further coil; 
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[0021] Figures 6A, 6B is a schematic illustration of a plan view of a further 

coil; 

[0022] Figure 7 a cross section of the coil as shown in Figure 6A; 

[0023] Figure 8 a stator having a number of coils as shown in Figure 6A; 
and 

[0024] Figure 9 is a schematic illustration of an apparatus for producing a 

coil. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0025] Mutually corresponding parts are provided with the same reference 

symbols in all the figures. 

[0026] Figure 1 shows a coil 1 having a number of turns N(L1, L2), which 

are arranged one above the other in at least two layers Ll and L2. In this case, 
the turns N(Ll) in the first, and hence lower, layer Ll are represented by thin 
lines. The turns N(L2) in the second, and upper, layer L2 are represented by a 
thick line. 

[0027] The turns N(L1) in the first layer Ll are arranged parallel alongside 
one another. The turns N(L2) in the second layer L2 are arranged as a second 
layer L2 above the turns N(L1) in the first layer Ll. In this case, the turns N(L2) 
in the second layer L2 are inclined through an inclination angle a, which can be 
predetermined, at a point which can be predetermined with respect to the tin-ns 
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N(Ll) in the first layer Ll, and are arranged parallel alongside one another. By 
way of example, the inclination angle a is chosen such that the inclination or 
bend of the respective turn N(L2) in the second layer L2 is at least one pitch 
width. In other words: the turn N(L2) in the second layer L2 is bent at a defined 
point before being wound on, so that, when being wound on, it is not wound 
above the same turn N(Ll) in the lower, first layer, but in fact changes the pitch, 
that is to say the turn N(L2) runs over the same turn N(L1) in the lower layer at 
the winding start and ends with the inclination angle a above the adjacent turn 
N(Ll) in the lower layer Ll due to the bend which is produced at a defined point. 
Such plane-parallel winding of the turns N(L1, L2) in the respective layer Ll, L2 
of the coil 1 allows the coil 1 to have a particularly compact form, with undefined 
crossings, and spaces resulting from them, being reliably avoided. 

[0028] Depending on the type and configuration, the respective turn N(Ln) 
in one of the layers Ln may have an inclination with more than one pitch width. 
For example, in Figure 2, an individual turn N(L2) in the second layer L2 is 
inclined over the entire pitch width G of the adjacent layer Ll. The entire pitch 
width G is in this case formed by the total number of pitches or turns N(Ll) in 
the lower layer Ll. Figure 3 shows a front view of the coil 1. In this case, the coil 
start S(A) and coil end S(E) of the coil 1 are passed out jointly, for example, at an 
upper end winding 2. This results in a contact ring, which is not illustrated in 
any more detail, being arranged directly for reliable connection of the coil 1. At 
the opposite end of the coil 1, at the lower end winding 4, the inclinations (which 
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are illustrated in Figure 1) of the turns N(L2) in the second layer L2 are 
configured with the bending or inclination angle a. Depending on the nature and 
construction of the coil 1, the bends or inclinations of the turns N(L2) may also 
be produced on another side, for example at the upper end winding 2 or on one of 
the longitudinal sides 6 or 8 of the coil 1, or alternately on a number of sides of 
the coil 1. 

[0029] Figure 4 shows a longitudinal section through the coil 1 shown in 

Figure 3. This shows the pitch change produced by the inclination of the turns 
N(L2) in the second layer L2. The turns N(L2) in the second layer L2 are 
preferably arranged between two turns N(L1) in the first layer Ll. Such winding 
of the coil 1 prevents the creation of spaces, in a particularly simple manner. 
[0030] Figure 5 shows a side view of the coil 1. In this case, the end 

windings 2 and 4 are each domed or bent outwards. In one preferred application 
of the coil 1 in a stator (which is not illustrated) of an electric motor, such doming 
of the end windings 2 and 4 allows a rotor to be installed particularly easily and 
reliably. 

[0031] Figures 6A, 6B and 7 show a further alternative form of a coil 1, in 

which the turns N(Ll) or N(L2) in an individual respective layer Ll or L2 are 
wound parallel alongside one another or one above the other, partially 
superimposed. This results in a trapezoid, in plan view, as shown in Figure 6A. 
This winding is also referred to as a trapezoidal winding. An arrangement of a 
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number of trapezoidal coils 1 alongside one another is in this case particularly 
space-saving. To achieve this, the coils 1 are arranged alongside one another 
such that the short base edge of the trapezoid of the one coil 1 is adjacent to the 
long base edge of the trapezoid of the adjacent coil 1, as is shown in Figure 6B. In 
cross section, the partial superimposition of the turns N(L1) or N(L2) results in a 
step, as is shown in Figure 7. By way of example, Figure 8 shows a number of 
coils 1 arranged in slots 10 in a stator 12 of a machine which is not illustrated, 
for example an electric motor. In this case, the coils 1, in particular trapezoidal 
coils 1, are arranged alternately with a short and long base edge in the slots 10 
in the stator 12. For simple installation, a coil 1 with a long base edge is in each 
case initially arranged above every alternate slot 10, in the direction of the 
circumference 14 of the stator 12. After this, a coil 1 with a short base edge is in 
each case arranged in the other slots 10, in the direction of the circumference of 
the stator 12. This results in the coils 1 being arranged in the stator 12 in a 
manner which fills the space particularly well. In particular, if the spatial 
conditions in the stator 12 are the same, such trapezoidal coils 1 with 
appropriate inclinations at one of the end windings 2 or 4, as shown above, allow 
coils with a larger wire cross section or with a larger number of turns N(L1, L2) 
or with a larger number of layers LI, L2. 

[0032] Figure 9 shows, schematically, one possible embodiment of an 

apparatus 14 for producing the coil 1. The apparatus 14 has a guide body 16 for 
winding an electrical conductor 18 onto a coil former 20. The guide body 16 is in 
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this case arranged such that it can move. When the apparatus 14 is being used 
for winding, the electrical conductor 18 is wound in a number of turns N(Ll) 
around the coil former 20, by rotating the coil former 20 a number of times, in 
order to wind on the first layer Ll. This results in the turns N(Ll) being wound 
parallel alongside one another. In order to wind the second layer L2 of the coil 1, 
the winding process is interrupted at a point which can be predetermined, in 
particular after a specific length of the already wound-on conductor 18, in order, 
by shifting the guide body 16 by means of two grippers or bending pins 22, to 
bend the conductor 18 through a bending or inclination angle a before it is wound 
onto the coil former 20. In this case, this process is repeated for each turn N(L2) 
in the second layer 2. This ensures that all the turns N(L2) and N(Ll) are 
arranged as closely as possible alongside one another and one above the other. 
This largely avoids spaces. Depending on the inclination angle a that is set, the 
respective turn N(L2) is bent or inclined through at least one or more pitch 
widths. 

[0033] Instead of interrupting the winding process in order to bend the wire 
or conductor 18 for the relevant turns N(Ll) or N(L2), the winding process may 
be carried out continuously. To do this, the guide body 18 comprises a motor, 
which is not illustrated in any more detail and which moves forwards repeatedly 

by distances which can be predetermined in order to produce the bend or 
inclination of the winding wire or of the conductor 18, in order to move past 
grippers or bending pins 22 which, depending on their position or their angle, 
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bend the conductor 18 which is passing through between them, through the 
incHnation angle a, before said conductor 18 is wound onto the coil former 20. 

[0034] The foregoing disclosure has been set forth merely to illustrate the 
invention and is not intended to be limiting. Since modifications of the disclosed 
embodiments incorporating the spirit and substance of the invention may occur 
to persons skilled in the art, the invention should be construed to include 
everything within the scope of the appended claims and equivalents thereof. 
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